CHAPTER 2.
THEORETICAL APPROACH

Cements are defined as adhesive substances capable of uniting fragments or
masses of solid matter to a compact whole(a). The oldest cementing material was simply
mud, clay mixed with straw to bind bricks together. This is found in ancient Egyptian

buildings. But these buildings, which

lay, have no resistance to water. The
ounds) were used as cements to

Ve

calcareous materials (cements b

bind bricks. These materials

still nonhydraulic, becauspill
Hydraulic lime/

were prepared by calcining limes

impure gypsum and lime and are

er water.

Romans. These cements
urities, yielding a mortar
which had more strength

Later in 175€ e Lighthouse which used

hydraulic lime mixed with ese buildings stood for 126

years before being replaced b:
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The development of hydraulic cel : and patented by James
Parker in England in* 17988 Fhis-cement-was-produced-& * ing modules of impure

limestone containing cla

.Iyraulic lime by calcining an
ier in a wet mill. James Frost

introduced the ﬁlﬁﬁ?ﬁgﬁdﬂ1%éw EJ r] ﬂ ‘j

In 182'5-', Joseph Aspdin tooh. out a patent on “portland cewt”. He used a
n
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Isaac Charles Johnson in 1845, used a higher temperature of firing than Aspdin. This

intimate mixture of limestone(chalk) and clay, ground toget

made the mixture burn at real clinker temperature. The name portland cement was given
to the product, the color of which resembles that of cement after setting it to Portland

stone.



2.1 CEMENT COMPOSITION

The compound presence of cements is formed by the chemical reaction during
the burning of lime, silica, alumina and ferric oxide compounds that come from raw
materials. Portland cement is composed of over 90 percent of lime, alumina and silica.
The effects of minor compounds’ components on the portland cement are also
considered. The temperature that produces portland cement is below the complete fusion

temperature. This temperature makes only a minor proportion of the reacting mixture
melt and clinker is formed. } \ /

2.1.1 BASIC OXIDE COMPOQ

Silica is the main sand \ \as a constituent of mortar.

. Pure crystalline occurs in
nature as Quartz which ¢ hex: oIy belonging to the trigonal system.

Quartz is a very inert © ,,,-" ‘ordinary temperature. But at high
e b
temperatures, it will react with-bases. This ;, he're hy sand will not react with lime

=Xy

or Cement in mOl'taI'S. ¢-U||V.|l'- ui-l.:*nur‘u;r:nlnl{_-::;anj..-ﬁ~ ce of water if heated

under high pressure. The e csrise to the silica acid gel.

Calcium Oxide, Ca0
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Lime is“an essential compo?nt of the cements It is denved from the
i Sl RS, NNk
and it i rm an Q m

The melting point of lime is 2,614°C. The crystallizes are colorless or pale
yellow. If it is placed in water, it dissolves very slowly at the surface. The hydration is

gradual and there is no temperature rise. Lime prepared in room temperature is loose
and porous.



Calcium Hydroxide, Ca(OH),

Calcium hydroxide is the product of the hydration reaction of lime and water.

Pure calcium hydroxide will decompose into lime and water vapour at 400°C as shown in
equation 2.1.

Ca(OH), <----> Ca0 + H,0 (2.1)

It is not found in cement clinke ‘ ing. It is produced during the grinding
: r and crystallized slowly as a
hydration reaction of cemen I fon'n IMnal plate crystals. Calcium

hydroxide can be reacte m carbonate. This reaction

causes deterioration of
Aluminium Oxide, ALO,

Alumina occurs i

not seem to exist as a pur: i I\ | qin _ ds. Combined alumina is an
important constituent in ce o
(A1,0,.3H,0) and bauxite (Alzo; }-in-nature: Hydrated alumina will not be formed
during hydration of pc tand ce all hydrated alumina.will occur in the setting
of high alumina cem

g
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derived from balkite. Ferrous oxide oc‘gurs in small amounts of about 0-4 percent in
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forms of hydrated ferric oxide. The alpha, beta and gamma forms. The alpha and gamma

ferric oxides occur in nature but beta form has not been found in nature.

Ferric Oxide, Fe 0,

Magnesium Oxide, Mg0

Magnesia is only present in small amounts in portland cement. Magnesia can

be derived from magnesium carbonate original present in limestone in the form of



dolomite (CaCOa.Mgcoa). Pure magnesium oxide possesses hydraulic properties. The
hydroxide Mg(OH), will occur when combined with water. Magnesia is soluble to some
extent in lime at a high temperature. The melting point of MgO is 2,852°C. It shows
perfect cubic cleavage. It can form naturally in the form of periclase. Magnesium

hydroxide can decompose into magnesia and water at low temperatures of about 350-
380°C,

2.1.2 COMBINATION OF BASIC OXIDE COMPOUND
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When lime and sm g rm 4 distinct compounds,

Calcium Silicate

the metasilicate Ca0.SiQ i0 : hosilicate 2Ca0.Si0, and
the compound 3Ca0.Si0 in cements and slags. It
melts at 2,130°C and e ms; Y (Orthorhombic), 3
(Monoclinic), O (Orthorho icalcium silicate in portland

cement is usually in the i but itSean, etimes be found in trigonal and

triclinic forms. It is not pure g+ ins-yari er oxides in solid solution and

Four stable co .05 namely, 3Ca0.Al,0,,

Ca0.Al,0,, Ca0.2Al Le N :a Ca0.6AL,0,. All these compounﬂ melt incongruently and

have primary crystallisatio ﬁﬂnate, 3Ca0.Al,0,
is unstable at it il in aﬁﬁﬁ re oﬂ 9°C. This melting

causes dissocnatum into CaO and hqu@composntnons&f calcium oxidqund aluminium
oxide. | m@; rf] ?c&tl %’ﬂ) ﬂd shows a
crystalline outline ngs to the cubic or isometric system with a density of 3.0

Calcium Aluminium Ferrites

The systems of calcium-aluminium-ferrites occur in portland cement as

brownmillerite. The definite composition of brownmillerite is 4Ca0.Al,0,.Fe,0, and it



melts at 1,415°C. The ferrite phase in portland cement can vary in composition from

CeAF, to C.A,F. However, the average composition is approximately C,AF.

Calcium Aluminium Silicate

This three-compound system forms some 90 percent of portland cement and
over 80 percent of high alumina cement. There are many forms of products in this

system depending on the temperature and the amount of each compound. The ternary

compound 2Ca0.Al,0,.5i0, (Gehlenite’ € ruently at 1,584°C. The crystalline
substance has clear grains and belongs to th _ al system with a specific gravity
of 3.038. This compound , ) i @ent but it is a constituent of

dissolving a cement compound

into a st echanism_produces jons<and then combines to

A

mical reaction occurs more slovm and takes place on the

- The topochs
surface of eement grains without the cement compounds going into
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he products of hydration reaction of tri or di calcium silicate with water are
calcium hydroxide and calcium silicate hydrate gel, CSH gel. The calcium silicate hydrate
gels which are produced during hydration reaction change during the period of hydration
and also vary witﬁ the water-solid ratio of the mixture. The CSH gel are composed of
CSH-(1) and CSH-(II). The CSH-(1) consists of poorly crystallised foils or platelets with
a tobermorite-like structure and has a Ca0:SiO, ratio of 0.8-1.5. The CSH-(Il) consists

of fibrous structure. The molar ratio of Ca0:Si0, is 1.5-2.0.
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A. TRICALCIUM SILICATE, C,S

When ground C,S is mixed with water, hydration reaction occurs rapidly and
both lime and silica pass into solution. The concentration of lime in solution increases
steadily while silica rapidly decreases. Calcium hydroxide becomes nearly amorphous of
hydrated calcium silicate. Complete hydration can only be obtained within 1 year or more.

This reaction occurs with time and the approximate complete hydration reaction is shown

in equation 2.2.

2(3ca0.si0,) + 3H,0 + 3Ca(0H), (2.2)

456 g. 002 g
For a complete h ¢ 8 compound; 45 C,S reacts with 108 g.
of water yielding 342 g. of ieate-hyarate and . of calcium hydroxide. The
hydration reaction is mo spresente g sencra form in equation 2.3

C,S+ (2.5 A4S 6Kl % (1.5-m)CH (2.3)

-y
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The rate of hydration reaction of C,S when mixed with water is rapid (Stage 1).
This reduces within 15 minutes. The following period is a dormant period (Stage 2). At
the end of the dormant period (2-4 hrs.), cement starts initial set. The silicate
continues to hydrate rapidly in the acceleration period (Stage 3). Maximum heat
evolution occurs in this stage. At this time, final set has been passed and cement starts

hardening. After this period (4-8 hrs.), the rate of reaction slows down again (Stage 4)
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until reaching a steady state (Stage 5) within 12-24 hrs. The rate of hydration of

tricalcium aluminate is shown in figure 2.2.

4— Stage 5 —

The amount o ' i y. portiand cement type | is 45-55%

~50% ). Since C,S prod : ' of/hyc ) and early strength, the amount of
3 %

C,S in high early strength ce fent type di 8150 659 € 0%). In low heat of hydration
portland cement type 1V, t . " ower between 25-35% (~25%).
The amount of C,S is 40-50 %) sistant portland cement type V.

B. DICALCIUM SILICATE,€;8
Y X

There are four main fo calc sate, v, 3, o’ and o. The hydration

reaction of C,S is slower t}an the hydration of C,S but the CSH gels are the same type

as those from E ﬂrﬂtﬁyﬁvmﬂﬂm btained by grinding
with excess w %]i I mill. "Thi tion'c ompleted within 46 days. This
reaction can be written as in equation 2.4. -

RIANIUNNINYIAE

2(2Ca0.8i0,) + 4H,0 ----> 3Ca0.2Si0,.3H,0 + Ca(OH), (2.4)

‘3448 + 728 ---->  342g + T4g
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This reaction occurs with time and for complete hydration, 344 g. of C,S reacts

with 72 g. of water which yields 342 g. of calcium silicate hydrate and 74 g. of calcium
hydroxide.

..............

.......

The generalised e § age-ory ater is.s \ in equation 2.5.
C.S + ( Gyl AN (2.5)
The rate of hydration teetigth deve d imilar to C,S but much slower

because C,S is a less reactive co
strength. The amount of C,S in & 4ypi

30 C,S contributes to the later age of
and cement type | is 20-30%
(~25%). The amount f*C,S in high early strength cement 1 Beiilis 15-25% (~15%).
In low heat of hydrati land ¢ Tt C,S is approximately
50%. And the amount of S is Fodo by 0% ) In sulfat esistant portland cement

type V. g
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C,AH,, ana C,AH, which is useless for any engineering purpose. The addition of gypsum
in cement slows down the reaction and forms ettringite, C,AS H,,. In the presence of
excess water, the' formation of hexagonal plate crystals can be observed. This formation
looks like needles which often form clusters radiating from a center. This crystal is
formed within a few minutes and increases rapidly in size and amount. The hexagonal
plate hydrates are nonstable and transform into the less soluble and more stable

isometric compound 3Ca0.Al,0,.6H,0. The hydration reaction is shown in equation 2.6.
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C,A + 3CS + 32H ----> C,AS H,, (2.6)
Mass 268g. +408¢g + 5768 ----> 1,252 ¢g.
268 g./3.03 + 408 g./2.32 + 576 g. ----> 1,252 g./1.75

Volume 88 cm3 + 175¢cm’ ————> 715 cm3

For complete hydration, of $a6t with 408 g. of gypsum and 18 g.

The common na te hydrate (CAS sHgp) is ettringite.
Ettringite is a stable hydrai _ n.ample supply of sulfate. If
the sulfate is consumed be ated, ettringite will transform
into another calcium suifoal efhydrate, )iNg less sulfate. The transformation

N

reaction is shown in equati

(2.7)

When monosulfate aluminate con act with the new source of sulfate

ions, ettringite can be . fermed again.

X

[0.ASH + 205, +eH > C A8 A,
AutAngningns
R4 TENaY

(2.8)

Rate of heat wotut@g
)
ah
=
>

Time{h)

Fig. 2.4 Rate of hydration of C A with gypsum.
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The rates of hydration of C,A are rapid but are slowed down by the formation of
ettringite creating a barrier around C,A. This barrier is broken down during the conversion
of monosulfoaluminate and C,A starts to react rapidly again. The figure 2.3 shows rate of
hydration of C,A. The first peak is completed in 10-15 minutes but the time of the

second peak depends on the amount of sulfate available.

The more gypsum there is in the mixture, the more stable ettringite remains.

Conversion of monosulfoaluminate will occur in most cement within 1-2 days after

gypsum has been used to form ett 'ﬂ," ) mount of C,A in a typical ordinary
portland cement type | is 8-12¢ nt of C,A in high early strength
portland cement type IV, the
amount of C,A is approximat is 0-4% (~4%) in sulfate
resistant portland cement t

2.1.3.3 TETRACALC

The rate of hydratj n ' L um ites with water is rapid but
will slow down with additional n. .. ate of hyd 'also depends on the amount
of alumina in aluminoferrite. e amount. a in mixtures is high, the
Ut 1 -t dration of C,A. The hexagonal plate
crystals are rapidly formed whe ﬁg‘ﬁdn. The calcium hydroxide is not
precipitated during the hydration: ; C,AF. -f

o FJ(AFH, (2.9)

In the rﬂwj ﬂ)alﬂlm is less rapid and
different. The %ﬁg :jm SO the tetracalcium

compounds. This is unstable and transférmation to thegatter occurs morg_ rapidly with an

=R R R TRRA T VIE A E

The amount of C,AF in a typical ordinary portland cement type | is 6-10%
(~8%). The amount of C,AF in high early strength cement type il is 6-10% (~8%). In
the low heat of hydration portland cement type IV, the amount of C,AF is approximately
12%. And the amount of C,AF is 10-20% (approximately 10%) in sulfate resistant
portland cement type V.



15

2.1.4 PRODUCTS OF HYDRATION REACTION

2.1.4.1 CALCIUM SILICATE HYDRATE, CSH

Many different hydrated calcium silicates occur in nature but most of them are
rare. The precise composition of these compounds is uncertain. This is because of the
difficulty in differentiating between combined and free lime and silica as well as

distinguishing adsorbed water from water onstituent. Almost all calcium silicate

hydrates are prepared under a hi g “and pressure. Only compound C,SH

(CSH(1)) and C,SH, (CSH(11)) aie obtair

The crystalline o

by the action of water at
an ordinary temperature . e 5/

cates OF by the action of lime on
silica gel. It is convenient ioffeniésgh CSH by p otting, th >a0:Si0, ratio in the solid
phase against the CaO congghtrz

ATIO Co0:Si0; INSOLIBN.

M B T S T I O T I K S O O 0 O
- s 20
0 i CONCENTRATION OF 230 SGIITION fmml e}

Fig. 2@anum betun&!(ﬂllluqmQigeﬂn:lzolution.
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showed nca significant change in the pattern, indicating that the basic structure remained
the same. This hydrate composition varies from Ca0.Si0, aq. to 3Ca0.2Si0, aq. This
hydrate was called calcium silicate hydrate | (CSH(1)).

The sharp rise in figure 2.3 in the lime:silica ratio of the solid phase at lime

concentration near saturation could be attributed to an invariant point between CSH(1)
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and Ca(OH)Z. This hydrate was called dicalcium silicate hydrate or calcium silicate
hydrate I, (CSH(II)).

The water content of the calcium silicate hydrates formed at room temperature
is also difficult to define. They have a very large specific surface with water adsorbtion
which cannot completely be separated from water of constituent. The additional
molecules of water can enter between the layers of CSH and increase their spacing. The

CSH I and CSH II hydrates are apparently both very closely related to the natural mineral

Calcium hydro Yation as plates or short

hexagonal prisms. Its densi ’ '  / f ‘calcium hydroxide in water
decreases with a rise in tem \

AT

sﬁ'f’.":

AR mmmm@x Jabk

Large circle of OH and small black circle of Ca(a)

The small particle size gives apparently higher solubilities. A saturated solution
of calcium hydroxide assigns a pH of 12.45 at 25°C and 1.14 g CaO per litre. The
solubility of calcium hydroxide is much reduced in the presence of alkali hydroxides. The

crystal of calcium hydroxide is shown in figure 2.6.
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2.1.4.3 CALCIUM SULPHOALUMINATE (ETTRINGITE), C,AS_H,,

The action of calcium sulphate on calcium aluminate solutions produces both
high and low forms of calcium sulphoaluminate hydrate. This compound was observed in
1890 by Candlot. It occurs naturally as the mineral ettringite. The density of high
sulphate form is 1.73 at 25°C and the low sulphate form is 1.99 at 20°C.

The high sulphate (3Ca0.Al,0 : 31H,0) form can be prepared by slowly

AMS@V b 3Cal 04.31H20 (2.10)

adding a saturated lime solution e and calcium sulphate as shown

in equation 2.10.

It is difficult » obtain  puri with the Ilow sulphate form,
'H, LY

3Ca0.Al,0,.CaS ﬂﬂ:&;} wﬁ%xﬁa‘sw mﬁﬁqm,a. It can be

prepared at 25°€) by treating a monocalcium aluminate solution with lime-calcium

ML BT IP N (FRE )i e

0
9
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2.2 SHRINKAGE THEORETICAL APPROACH

The dimension of cement pastes will not remain constant due to the loss of
adsorbed water from hydration products, mainly calcium silicate hydrate (CSH). C,S and
C,S are the main chemical constituents that produce calcium silicate hydrate. In ordinary
portland cement 100 g. (32 cma), the amount of tricalcium silicate and dicalcium
silicate is approximately 52 g. and 25 g. respectively. The specific gravity of C,S is 3.5,
CSH is 2.44 and Ca(OH), is 2.23 then the volume of hydrated portland cement paste

’W in equation 2.2.
2(3Ca0.5i0,) + 6H, é&Ca(OH)Z (2.2)

Mass 52g + 1 . g.

Volume 14.9 cm3

can be calculated from stoichiometric

2(2Ca0.8i0,) + (24)

Mass 25g. +

Volume 7.6 cm®

-

Ry |

e silicate and tricalcium

From equations/2
silicate 14.9+7.6= 22. SE-na wi ac cmﬂroducing CSH 26.2 cm®
and calcium hydroxide 13. %cm This calculat shows that 100 g. (22.5 cm’) of

T I A
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0.32, tem‘lerature at 28-30°C and 80% RH. From Meh'ca1 ), the volume of pore in
CSH is 0.28 times that of the total volume of CSH in cement paste. Then the pore
volume that can contain interlayer water, Wi, in CSH is O.28x(16+10.2) = 7.4 cm’.

This interlayer water can be removed from the CSH pastes causes shrinkage of cement
pastes.
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Loss of adsorbed water and capillary water also causes shrinkage. The volume

of adsorbed water(m’ SEEG can be approximately calculated from equation 2.11.

Wa = 18-23% x Mc (2.11)

In this equation, Wa is the volume of adsorbed water (cms) and Mc is the

initial weight of cement (g.). Then the volume of adsorbed water is 0.23 x 100 g =

3
cm’.
!I/ 1
‘ /‘ﬁ) approximately calculated from
‘
< —

The volume of capil

equation 2.12.

(2.12)

In this equation m ) w/c is the water to

cement ratio and Mc is > water to cement ratio is
0.32, then the volume of 6)x 100 = -4 cm". This shows
that there is no water in the should be used. The total volume
of water that can be removed ageis 74 + 23 + 0 = 304

3
cm.

BEHAVIOR OF SHRINKAGE

Drying shrinkaE is g ardeEd concrete while plastic

shrinkage is used for fresh ‘concrete

pMST.CSHR.NE;}JJEJ’mEJWTWEJ’lﬂ'ﬁ
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of meniséi are formed. It makes negative capillary pressures which causes the volume of
the paste to shrink. Capillary pressure continues to rise within the paste until a critical
breakthrough pressure is reached. The breakthrough pressure is the stage where water is
no longer disperséd through the paste and rearranges to form discrete zones of water
with voids. After breakthrough pressure, a little plastic shrinkage will occur. The plastic
shrinkage can be controlled by keeping the concrete surface wet until the surface has

been finished or cured.
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DRYING SHRINKAGE

Drying shrinkage can be categorized into reversible shrinkage, which is the
shrinkage that is reproducible in a wet-dry process and irreversible shrinkage, which is
the shrinkage on first drying that cannot be reproduced in wet-dry cycles. The drying
shrinkage of cement paste that occurs on the first drying is irreversible. The volume

expansions that occur on rewetting and the volume occurring in later drying are smaller.

The factors affecting shrinkage curing temperature, cement

A. Capillary Stress

Hydrostatic tension is sveloped Whé) 18niscus is formed in a capillary,

the stress being given by

doap = 2N — ‘. {(2.18)
In this equationmap is capillary force, Y is the su tension of water and r
is the radius of the meniscu$ The value of r isgdetermined by the relative humidity. As

water decreasesﬁ uﬁlé} WE}‘%§ We&} ’iufe]a% and the surface

tension forces préduce a tension in the water while remams in caplllary This liquid
Wi ﬁ“ﬁWWﬁﬁ ey
shrinka at a

B. Disjoining Pressure (Swelling Pressure)

The thickness of CSH which is increased by the water is adsorbed on the
surface of CSH. The van der Waals forces attract adjacent particles and bring adjacent
surfaces into close contact. Adsorption of water on CSH surfaces creates a disjoining

pressure. This effect forces the solid surface of the CSH gel particles apart. A swelling
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pressure develops which is related to the vapour pressures of the water inside gel by the
Katz equation.

C. Surface Tension

The change in surface energy causes shrinkage at low RH. Since liquid drop
under hydrostatic pressure by virtue of its surface tension is bound by a meniscus,

uation 2.14.

4 (2.14)

In this equation( energy a ¢ !he specific surface area of

the solid. Since CSH h Irface -\-\~ fe can be large, causing

compression in the soli

pressure will occur and can be expressed in

Irreversible shrinkage

The irreversible s 4] sxplained by ¢ anges in the distribution of
7 paste increases and a continuous
network of capillaries is formed. The-deveiopiy of capillary stress is much reduced

and stresses occur. Howeve a.be the result of the following

re size distribution, changes in bona ;‘ een CSH particle and
changes in the distribution o : m

s EAREN TNEN

¢ s

=
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sulfoaluminate hydrate, that is ettringite. Many theories try to explain the formation

mechanism of ettringite. Expansion theories can be divided into two major ones: the

)

changes; changes in pe

Crystal Growth Theory and the Swelling Theory. The hydration reaction producing ettringite

from stoichiometric reaction can be shown in equation 2.15.
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C,A,S + 8CS + 6C + 96H ----> 3C,ASH,, (2.15)
Expansive Agent Ettringite
Mass 604 g + 1,088¢ +336¢g. +1,728¢g. ----> 3,756 ¢&.
Volume 13cm’ + 22cm®+ 5cm’ + 80 cm® ----> 100 cm®
As the specific gravity of calcium ;sulphoaluminate is 2.20, calcium sulfate
2.32 in the equation 2.17, the volume
274 cm’® of calcium sulphoaluminate w I re cm’ of calcium sulphate, 101

3 % 0
cm of calcium oxide and 1

ﬁ146 cm® of ettringite. This

calculation shows that 30 inate will produce 2,146

cm’ (3,756 g.) of hydraii
should be 274 cm® of expans

ingite is required, there

© reaction starts, the surfaces of

)y ettringite. This reaction is called

of the particles. The "&xpans C e layer exceeds the
surrounding solution thick . ushe , hence causing overall
expansion. Expansion will gontinue until the exypansive particles or dissolved sulfate

o e B AR ) B e e e

systems: the solumn the matrix and the expansuve partucles

q HAAASAUBIINUNE L

Ihe_malnx includes the unhydrated calcium silicate particle, (C,S and C S)
surrounded by the solution. The matrix is the main strength producing
system.

= Ihe_exnanaue_na_r:tmlgs consist of spherical cement particles, with each
particle surrounded uniformly by a film of solution which is of the same

thickness for each particle but different in diameter.
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‘ / ringite.
can beﬁ) have equal diameters. The

reaction between C,A,S ol ioingite. The spherical C,A,S
particles are covered unj ite \ lﬁ\x\f le gth of crystals will increase

The spherical C,

but their number and thi

This process eactants are available in

stoichiometric quantities. i < ’. ihen the length of crystals becomes larger
than the solution film thickg ‘the crystals be 7
surrounding matrix. ' ‘ |

0 exert pressure against the

The expansionfis gite. ‘ pansion of ettringite is
caused by a through solution mecha . auses ett [ ite crystals to be gel like
and colloidal in size. ‘a

‘ INYINT
The ﬂv}é gz!rti’caeyl;\njnﬁ Erge specific surface area and water
molecules, can be adsorbed t _ c gI aﬁz]:rbtion will
o PG O T W A Lr S Bh s

change inqthe crystal lattice of ettringite. Ettringite with finer particles expands more than
coarse ettringite(”) because it has a large specific surface area and can adsorb more

water. The classification of ettringite as “gel like” remains a subject of controversy

between the theories of expansion, namely crystallization and the swelling theory.
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2.4 SHRINKAGE COMPENSATION
Shrinkage of portland cement
In ordinary portland cement 100 g. (100/3.1 5 =32 cma) will approximately

contain 52 g. of tricalcium silicate and 25 g. of dicalcium silicate. This cement can

produce CSH, according to equations 2.2 and 2.4 which equals 16+10.2 = 26.2 cm".

interlayer water volume 28% o

7.4 cm’. The adsorbed water' t paste is approximately 23

cm’/cement 100g. The 0 cm’ according to the

calculation in item 2.2. g shrinkage 7.4+23+0 =

expanded. The volume of ettri xpansion 18 ealculated in equation 2.15 that is, if
ettringite volume 30.4 cm® i ount of expansive agent (Calcium
m’ (8.6 g). This amount of
expansive agent can .be ted by the shrinkage ich comes from original

cement 100 g. The ettir e f : .f:‘" ed to be transformed

sulphoaluminate) should be 137100

¢ o Q/
@B INYNINYING
U
In shrinkage compensating cement volu t‘ in portland
cementhﬁ’é})a;ﬁﬂii eij pensated b tﬁpa ttringite in
equal m&nitude. The amount of expansive agent can be calculated from the

stoichiometric ratio = 8.6 g.

This calcijlation is approximate due to the limitation of variables that can affect
shrinkage. The factors affecting shrinkage are curing temperature, w/c, admixture,

moisture content, age of paste, aggregate characteristic and relative humidity.
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This research proposed a approximate calculation according to the chemical
reaction, the amount of expansive agent in the form of calcium sulphoaluminate can be

written as a function of percent of C,S and C,S in equation 2.16 ;

EA = 0,0.2814 x (0.0861 C,S + 0.1141 C,S + Wp) (2.16)

Where

EA = amount of expansive agent required to compensate shrinkage (g.)

: d cement to total cement
C,S = amount of tricaleium silicate inpOrtnddeement 100 g. (g)

nt 100 g. (g.)
Wp = adsorb w

In conclusion, e \ (32 cm3) will approximately

— A. : \\.\ ate. Fr(:m ti.1is cem<.ent with
w/c = 0.32, the total 0 age is 30.4 cm'. This magnitude of
: N 6 g. in the form of calcium
sulphoaluminate which can AR ral 1aghitude of shrinkage in the paste. But
the chemical composition of ogdinary-cerien : varfes. The same calculation is performed

vl

by varying C,S 45-55% and Czs' 20-30 % g in varying the expansive agent 8-

; AY |
From the theofet sa J cement must have an

0 compensate -;rﬂ the shrinkage effects of
AU INENINYINS
ARIAINIUNRIINYINE

expansive agent appro 1! ately 5-
cement.




	Chapter 2 Theoretical Approach
	2.1 Cement Composition
	2.2 Shrinkage Theoretical Approach
	2.3 Expansion Theoretical Approach

	2.4 Shrinkage Compensation


